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Abstract
We study the spin fluctuation dynamics of Cu-O chains in the oxygen deficient planes of YBa2Cu3O6+x. The chains
are described by a model including antiferromagnetic interactions between the spins and Kondo-like scattering
of the oxygen holes by the copper spins. There are incommensurate spin fluctuations along the direction of the
chains. The dynamic structure factor of this system is qualitatively different from that of a quasi one-dimensional
localized antiferromagnet due to the presence of itinerant holes. We compute the dynamic structure factor that
could be measured in neutron scattering experiments.
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The oxygen deficient CuOx planes play an im-
portant role in the physics of the high-Tc com-
pounds YBa2Cu3O6+x. These planes are com-
posed of Cun+1On chain fragments in which Cu
and O atoms form a linear alternating chain. The
physical properties of the chain planes are dom-
inated by the longest chain fragments. To a first
approximation, these chains may be viewed as
decoupled from each other and from the CuO2
planes. Therefore, important one-dimensional
fluctuation effects are expected in the charge and
spin excitation spectra of the CuOx planes.
The low-energy spin dynamics of this systemwas
studied theoretically in [1] within a strong-coupling
model in which every Cu site is occupied by a hole
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while the average filling of the O sites c < 1. Holes
can hop between the O sites obeying a constraint
of no double occupancy. There is an exchange in-
teraction between the spins of all pairs of adjacent
holes. In this model, a spin sequence on the chain is
not affected by the oxygen-hole motion, i.e., there
is spin-charge separation. Due to this fact, the en-
ergy spectrum of the system can be computed in
closed form. The spin-spin correlation function of
the chains is non-trivial, however. It is given by
a convolution of two functions. The first one is
the dynamic structure factor of a one-dimensional
Heisenberg antiferromagnet on a “fictitious” lat-
tice containing a number of sites equal to the total
number of holes in the chain. The second factor is
related to the density-density correlation function
of the itinerant oxygen holes and describes the evo-
lution of the spin positions as determined by the
motion of the holes. The energy scales character-
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izing these two factors are the spin-wave velocity
vS and the Fermi velocity vF , respectively. For c ≃
0.3, the parameterization of [1] gives vS = 150meV
and vF = 800meV i.e. vS ≪ vF .
An apropriate tool for the experimental study
of the magnetic fluctuations is inelastic scattering
of spin polarized neutrons. The magnetic inten-
sity is modulated along the direction of the chains
and peaks at the incommensurate position,Qmax=
pi(1 + c). The spectrum of magnetic excitations at
q=Qmax extends up to the energies of order of the
Fermi energy of the itinerant holes. The absolute
value of the neutron cross-secton at Qmax was es-
timated in [1]. Here we compute the shape of the
magnetic signal near the maximum as predicted by
our model.
Up to fundamental constants, the neutron’s dif-
ferential cross-section for magnetic scattering is
given by the expression :
dσ(q, ω)
dΩsdω
∝
√
Ei − ω
Ei
S(q, ω), (1)
with Ei the energy of the incident neutron, q the
momentum transfer in the direction parallel to the
chain and ω is the neutron’s energy loss. The form
of the spin-spin correlation function S(q, ω) was
found in [1]. Near q = Qmax we may keep only the
principal term and linearize the dispersion relation
of both spin and density fluctuations. Up to a co-
efficient we have
S(Qmax+ q, ω) ≃
ω∫
0
dε
∞∫
−∞
dk√
vF |k|
1
[ε2−v2Fk
2]
1/4
×
[
(ω−ε)2 − v2S(q−k)
2
]
−1/2
. (2)
The shape of the function S(q, ω) is shown in the
upper half of the Fig. 1.
Consider an experimental geometry in which the
momentum of the outgoing neutron is in the di-
rection perpendicular to chains and all the neu-
trons are collected, irrespective to their final en-
ergy. The measured intensity is proportional to the
integral I(q) =
∫ Ei
0
dω
dσ(q,ω)
dΩsdω
Experimentally, one
typically uses polarized neutrons with incident en-
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Fig. 1. The dynamic structure factor of the chains S(q, ω) is
shown in the upper panel. The predicted integrated signal
for an incident neutron energy Ei = 25meV is plotted in
the lower part of the figure.
ergy Ei = 25meV. We show the corresponding
curve I(q) in the lower half of the Fig. 1.
In summary, we calculated the shape of a mag-
netic signal from the chains in YBa2Cu3O6+x, vis-
ible in neutron experiments. Albeit weak, this sig-
nal could be observed in a high flux reactor.
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